Aim: Physical exercise improves cognitive function in people with mild cognitive impairment (MCI). However, information about whether the degree of MCI before exercise training affects improvement in cognitive function is lacking. Therefore, we aimed to investigate the cut-off value in a MCI screening tool that predicts reversal to normal cognitive function after exercise training in older adults with MCI.
Introduction
Mild cognitive impairment (MCI) is an intermediate clinical state between normal cognitive aging and dementia. 1 MCI has a high risk of progressing to dementia among older adults. The conversion rate of MCI to Alzheimer's disease is 10-12% per year 2, 3 However, a previous study reported that MCI could be reversed to normal cognition. 4 Grande et al. found that people who reverted to normal cognition from MCI had better global cognition. 5 Physical exercise improves cognitive function in people with MCI. [6] [7] [8] However, other reports have shown that physical exercise has no positive effect on cognitive function. 9 These contradictory reports suggest that there are responders and non-responders of cognitive function to physical exercise therapy. However, there is a lack of information available as to whether improved cognitive function or progressed cognitive decline is affected by the degree of MCI before exercise training. Therefore, we hypothesized that there might be a MCI cut-off point that dictates whether cognitive function improves with exercise training in community-dwelling older adults.
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The Montreal Cognitive Assessment (MoCA) is a MCI screening tool that has higher sensitivity and specificity for detecting MCI than the Mini-Mental State Examination. 1, 10 In addition, the Japanese version of the MoCA (MoCA-J) is a useful cognitive test with good reliability and validity. 11 Clarifying a cut-off value might be useful to predict the responsiveness of MCI improvement by exercise training. This could help clinical decisionmaking about exercise training or medication. Therefore, we aimed to investigate a MoCA-J cut-off value that could clarify improvement of MCI by physical exercise training among community-dwelling older adults.
Method

Participants
The present prospective and longitudinal study was carried out from January 2015 to July 2017. All participants were stable outpatients of the Tokyo Metropolitan Geriatric Hospital and Institute of Gerontology, Tokyo, Japan. Participants were recruited through the hospital bulletin board. To be enrolled, the candidates should meet all the requirements as follows: they should be 1 aged ≥65 years, 2 able to come to the research site on their own, 3 currently un-hospitalized, and all were receiving outpatient treatment at the Tokyo Metropolitan Geriatric Hospital and Institute of Gerontology, 4 exempt from physical movement restrictions ordered by their primary doctor.
In total, 112 community-dwelling individuals participated in this study. Exclusion criteria were: impaired vision, impaired hearing, musculoskeletal impairments that might interfere with the ability to carry out exercise training, a clinically unstable condition, diagnoses of dementia, Alzheimer's disease or Parkinson's disease, and treatment with cilostazol and donepezil. Potential participants that habitually carried out exercise training were also excluded from the study. Participants' clinical characteristics are summarized in Table 1 .
Assessment of cognitive function
We assessed cognitive function for all participants using the MoCA-J before and after the 6-month exercise training program. 11 MoCA-J scores range from 0 to 30, with higher scores indicating better cognitive performance. We defined MCI as a MoCA-J score <26 points, which is a clinical cut-off value for MCI.
1,11
Exercise training program
The multicomponent exercise session included warm-up, cool down and flexibility exercises. In each session, participants completed 30 min of submaximal aerobic exercise with cycling training at a Borg rating of 13 (somewhat hard), and 15 min of submaximal resistance training (knee extension, hip abduction, rowing, leg press) at 50-70% of one repetition maximum. Participants underwent one exercise session for 2 days per week over a 6-month period. Training was carried out according to the American Heart Association's guidelines. 12 
Statistical analysis
Before the exercise training program, we divided participants into the non-MCI group (MoCA-J ≥26) and the MCI group (MoCA-J <26). After exercise training, we again divided participants into non-MCI and MCI groups. We compared the mean values for the characteristics and prevalence between the non-MCI and MCI groups using Student's t-tests and χ 2 -tests at baseline (before exercise training). McNemar χ 2 -tests were used to compare the change of MCI prevalence in each group before and after the exercise training program. To predict cognitive function potentially reversible to normal (potentially reversible group) and cognitive function potentially irreversible to normal (potentially irreversible group) after exercise training, we calculated the area under the curve in receiver operating characteristic curves using the MoCA-J score at baseline. We carried out logistic regression analysis to predict cognitive function that reversed from MCI (MoCA-J score <26) to normal cognition (MoCA-J score >25) using the reversible MoCA-J cut-off score adjusted for potential confounders (age, sex, hypertension, diabetes mellitus, dyslipidemia, atrial fibrillation, coronary artery disease, chronic heart failure). All statistical analyses were carried out with SPSS Version 22 (IBM Japan, Tokyo, Japan). The significance level was set at P = 0.05 for all tests.
Ethical considerations
This study was approved by the ethics committee of the Tokyo Metropolitan Geriatric Hospital and Institute of Gerontology (authorization number: 240301). All participants provided written informed consent before data collection.
Results
There were 73 older adults with MCI (65.2%) among the 112 community-dwelling older adult outpatients. At baseline, the MoCA-J score was significantly different between the non-MCI group (27.7 AE 1.0 points) and the MCI group (22.3 AE 2.5 points). In addition, there were significant differences in age, sex, and the prevalence of diabetes mellitus between the non-MCI and MCI groups (Table 1) .
After the 6-month exercise training program, 34 participants with MCI (46.6%) showed an improved MoCA-J score (>26 points). There was only one participant in the non-MCI group that converted to MCI after the exercise training program ( Table 2 ). The receiver operating characteristic analysis showed that the cut-off value to predict the potentially reversible group was 23 points (area under the curve 0.80; sensitivity 79.4%, specificity 69.2%; (Fig. 1) . Table 3 shows the characteristics of participants with MCI in the potentially reversible group (MoCA-J score ≥23) and the potentially irreversible group (MoCA-J score <23), with a significant difference only seen for age.
Multiple logistic regression analysis to predict non-MCI after exercise training showed that MoCA-J score ≥23 (OR 6.9, 95% CI 2.1-22.6; P < .001), male sex (OR 3.4, 95% CI 1.0-10.9; P = .04) and age (OR 0.9, 95% CI 0.8-1.0; P = .04) were independent determinants (Table 4) .
Discussion
We investigated MoCA-J scores in community-dwelling older adult outpatients before and after a 6-month exercise training program. The present study showed that 65.2% of participants presented cognitive impairment that fulfilled the criteria for MCI (Table 1 ). This MCI prevalence rate was similar to a previous report in Japanese older community-dwelling residents (64.1%). 13 In the present study, 46.6% of those in the MCI group reversed to non-MCI after the 6-month exercise training program. Previously, the reversion rate from MCI to non-MCI was reported as 24% with no intervention. 4 The rate of reversion (improvement) to non-MCI after exercise training in the present study was higher than reported in that study. Physical exercise is known to have a positive effect on cognitive function in patients with MCI. [6] [7] [8] Furthermore, multicomponent training has a greater effect on cognitive function than aerobic training alone.
14 Our program included multicomponent exercise training, which might explain the higher rate of reversion to non-MCI after the exercise program than the previous study.
The present study showed that a cut-off score of 23 was optimal to predict cognitive function that was potentially reversible to normal (sensitivity 79.4%, specificity 69.2%). Unlike dementia, MCI is reported to be reversible to normal cognition. 4 A previous study defined MCI as a MoCA score <26. 1, 11 Trzepacz et al. reported that a MoCA cut-off value of ≥17 captured MCI, and <17 captured dementia cases. 15 Based on these previous reports, the present study suggested that a MoCA-J score of 17-22 might reflect irreversible MCI and/or pre-dementia among older adults with MCI (MoCA <26). Therefore, the results of this study show that it is possible to divide people with MCI into two groups: a potentially reversible group (MoCA-J score 23-25) and a potentially irreversible group (MoCA-J score <23).
In addition, multiple logistic regression analysis to predict non-MCI after exercise training among participants with MCI at baseline showed that age, female sex and a MoCA-J cut-off score ≥23 at baseline were independent determinants (Table 4 ). Previous reports showed that people who reverted from MCI to normal cognition were younger, which is consistent with the results of the present study. 5, 16 However, sex was not previously associated with reversion to normal cognition or progression to dementia, which differs from our findings.
5,16,17 These results might differ because the Figure 1 Receiver operating characteristics curve analysis to predict normalized or non-normalized cognitive function after exercise training among participants with mild cognitive impairment. AUC, area under the curve.
present study was an intervention study rather than an observational study. However, as this study did not include a control group, it was not clear whether there was a sex difference in the improvement of cognitive function by exercise training. In the present study, the MoCA-J cut-off value (≥23) was the most relevant factor in reverting to non-MCI after exercise training. As this study showed that exercise training positively affects cognitive function, exercise interventions should be started as early as possible among those with potentially reversible MCI. Furthermore, the present results might also indicate that treatment with medication therapy is required as early as possible among the potentially irreversible group to prevent progression to Alzheimer's disease and dementia. The present study had several limitations. First, this study was the pre-post comparison study and there was no control group. Therefore, we cannot know whether improvement of MCI is due to the effectiveness of the 6-month exercise training program or the learning Model χ 2 P < 0.001; Hosmer-Lemeshow P = .806; accuracy 74.3%. CI, confidence interval; MCI, mild cognitive impairment; NS, not significant. effect of the MoCA-J test, or regression to the mean. Second, the sample size in this study was small, especially in terms of male participants.
In conclusion, there is a cut-off MoCA-J score (≥23) that can predict a return to normalized cognitive function with exercise training among community-dwelling older adult outpatients.
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